Abstract-Oils and fats are valuable necessary nutrients that play an important role in human life and health. The purpose of this study is to examine the effect of heat treatment and storage on some food oils, we have selected two of the commonly used in cooking and frying in Libya, namely; two types of olive oil (virgin and olivepomace oil) and two types of corn oil (I and II) for this study. For this purpose we studied the change occurred in some of the physical and chemical properties. These are the refractive index, iodine number, acid value, total acidity, the peroxide value and thiobarbituric acid (TBA) value. The samples were heated at 180 °C for different periods of time (5, 10, 15, 20, 30 and 40 hours). Composition of the virgin olive oil sample showed higher value for acid value, total acidity, peroxide number and TBA value and lower value for iodine number than corn oil samples. The highest increase of peroxide number for corn oil (I) was found after 5 hours heating, for corn oil (II) was found after 10 hours heating and for olive oil was found after 30 hours heating. Refractive index increased with increasing heating. Storage of oil samples in colourless glass containers in the dark at room temperature caused increase gradually in the refractive index, acid value and peroxide number in olive oil sample during the six months storage and decrease in iodine number.
I. INTRODUCTION
Olive and corn oil are the most commonly used vegetable oils in the household and in Libya for deep frying purposes. The corn oil extracted from corn seed is rich in double unsaturated fatty acid, which is an essential fatty acid. Corn oil is odorless, has very little taste, and has a high smoke point, which makes it suitable for frying [1] .
Oils are classified as liquid fats. Seeds are the source of the most of the commercial oils; they are very rich source of energy, enabling the body to absorb certain vitamins (A, D, E, and K). High temperatures affect the omega 3 fatty acids and damaged oils. Hydrogenated fats increase the bad LDL cholesterol and decrease the good HDL cholesterol [2] .The elements contained in the fatty acids are: Carbon (C), Hydrogen (H) and Oxygen (O) arranged as a carbon chain skeleton with a carboxyl group (-COOH) at one end [3] .
Frying oils have been a hot issue in literature; the topic was approached by many researchers [4 -6] . Most of the common oils are originally extracted from seeds, classified as liquid fats. Oils are very rich source of energy. When oils are exposed to high temperatures the omega 3 fatty acids are affected and therefore damage the oils. [7] , [8] .
Deep frying is the most common and one of the oldest methods of food preparation worldwide. It involves heat and mass transfer. To reduce the expenses, the oils tend to be used repeatedly for frying. When heated repeatedly, changes in physical appearance of the oil will occur such as increased viscosity and darkening in colour [1] , which may alter the fatty acid composition of the oil. Heating causes the oil to undergo a series of chemical reactions like oxidation, hydrolysis and polymerization [9] . During this process, many oxidative products such as hydroperoxide and aldehydes are produced, which can be absorbed into the fried food [9] .
Chronic consumption of repeatedly heated vegetable oils could be detrimental to health. It was shown to demonstrate genotoxic and preneoplastic change in the rat liver [10] . It also impaired fluid and glucose intestinal absorption in rats [11] . In rats given alcohol plus heated sunflower, an apparent liver damage as well as increased cholesterol level was observed [12] . Reference [13] found an independent positive association between the risk of hypertension and intake of heated cooking oil. These accumulating data suggest chronic intake of heated cooking oils increases the risk of cancer and cardiovascular diseases [12] .
II. EXPERIMENTAL WORK
Virgin olive oil samples were obtained from local oil press in Gharian city, Libya. Olive-pomace oil is the oil obtained by treating olive pomace (the product remaining after the mechanical extraction of olive oil) with solvents or other physical treatments, to the exclusion of oils obtained by synthetic processes and mixture with oils of other kinds that is fit for human consumption. The olive-pomace oil samples were obtained from local oil refinery plant, Libya. The corn oil which has been used in the present study were two different samples, one of which was imported from Spain by Nejma company (corn oil I), the other sample was imported,also, from Spain by Alsafawa company (corn oil II). The samples were obtained from the local market in Gharian.
For study the effect of heating, olive-pomace oil, corn oil (I) and corn oil (II) were used, the samples were taken randomly and each one was heated in three aluminum containers, at 180°C for 40 hours and the analysis were carried out at different time intervals (0, 5, 10, 15, 20, 30 and 40).
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For study the effect of storage on olive oil, the samples were stored in Colorless glass container of 50 ml and sealed carefully and stored for six months at room temperature (25°C) and were sampled periodically every one month. Refractive indices of all samples were determined at 20-25°C by AbbRefractometer according to AOAC (1984) [14] . Acid value, total acidity (as oleic acid percentage), iodine number and the peroxide number were determined according to AOAC (1984) [14] , thiobarbituric acid value was determined according Pearson (1981) [15] .
III. RESULTS AND DISCUSSIONS
The studied properties of oil sample determine the quality of these samples. Lipid oxidation is one of the major causes of food spoilage. It is of great economic concern to the food industry because it leads to the development, in edible oils and fat-containing foods, of various off-flavors and off-odors generally called rancid, which renders these foods unacceptable or reduces their shelf life [16] . Table 1 shows some physical and chemical properties of all samples, it showed that the properties of all samples were close to international standards [17] . Compared to corn oil (I), lower iodine number for corn oil (II) and higher peroxide number which could be due to different storage conditions. The differences in iodine values between the samples are due to their fatty acid compositions where corn oil (I) contains more unsaturated fatty acids than the other samples while virgin olive oil contains the lowest, these differences play important role in oxidation of these oils [17] . The refractive indices of all samples is varied between 1.4648 and 1.4686, while the standard values are between 1.4650 and 1.4680 measured at 40°C. The refractive index of an oil increases (nonlinearly) with chain length and unsaturation of fatty acids. The refractive indices and peroxide values of the oils and fats can significantly increase while exposed to light and heat [17] . Virgin olive oil recorded the highest TBA value while the lowest was with corn oil (I). TBA value usually is more sensitive at the early stages of oxidation and the oxidation products such as unsaturated fatty acids particularly linolenic acid is responsible for developing the colour clearly with TBA and the compound formed as a result of the oxidation of unsaturated fatty acids is malonialdyde [18] .
The effect of heating on refractive indices is shown in Fig.  1 , it seems that the refractive index increases with increasing the heating time where it reaches the maximum value with all samples after 40 hours of heating.
Refractive index of oil can be used to detect rancidity in edible oil, it is also provides useful information about the purity of oils. Each oil has certain range for this parameter and deviation of the data from the set specification may indicate adulteration of oil [18] , [19] .
Fig. 1 Effect of heating on refractive indices of oil samples
The effect of heating on acid number is shown in Fig. 2 , it seems that the acid number increases with increasing the heating time where it reaches the maximum value with all samples after 40 hours of heating. After 5 hours of heating, corn oil (II) showed less increase than the other samples, acid number of olive-pomace oil was 0.60 which is the maximum allowable limit in International standards [17] .
The acid number test is one of the methods available in the oil analysis field used to estimate the oxidation. Acid value does not directly measure the rate of oxidation, it merely measures the by-product of oxidation [20] In normal circumstances, refined oils should be free from any free fatty acids. Oils, on decomposition-due to chemical or physical factors-yield free fatty acids. Usually, acid number is used to determine the quality of oils, where it shows the amount of free fatty acid present in the oil samples. The results showed that the oil samples shouldn't be used for frying with more than 10 hours [21] , [22] .
Fig. 2 Effect of heating on acid numbers of oil samples
The effect of heating on total acidity is shown in Fig. 3 . The results showed that the total acidity of corn oil (I) sample increased by almost 100% after 5 hours of heating which was similar to the increase in acid number (Fig. 2) . After 5 hours of heating, total acidity of olive-pomace oil was increased to 0.30% and after 10 hours of heating, total acidity of corn oils (I and II) was increased to 0.25 and 0.24% respectively, which were close to the maximum allowable limit in International standards [17] .
In general, the total acidity of all samples increases with increasing the heating time where it reaches the maximum value with all samples after 40 hour of heating which agreed with older studies [22 ] , [23] . Increasing of total acidity may due to decomposition of some phospholipids and triacylglycerols to glycerol and free fatty acids. Fig. 3 Effect of heating on total acidity of oil samples
The molecular structure of fats and oils play a role in autoxidation. Oils with a high degree of unsaturation are most susceptible to autoxidation.. Iodine number is useful to know the relative unsaturation of fats, and is directly proportional to the content of unsaturated fatty acids [24] . Thus lower is the iodine number, less is the degree of unsaturation. The effect of heating on iodine values is shown in Fig. 4 , it seems that the iodine value decreases with increasing the heating time where it reaches the minimum value with all samples after 40 hours of heating. It seems that olive-pomace oil was less affected by heating among the samples, the iodine number after 40 hours was 73.9 which was less than the minimum limit in International standards [17] which is 75.0. Reference [23] showed that iodine value of soy, sunflower and palm oils were less affected by frying and storage time.
Fig. 4 Effect of heating on iodine numbers of oil samples
It shows that high increase of peroxide value was after 5 hours heating. Generally, increasing of the peroxide value is proportional to the heating time, the results showed that the maximum peroxide value for corn (I) after 5 hours heating, for corn oil (II) after 10 hours and for olive-pomace oil after 30 hours. It is difficult to provide a specific guideline relating peroxide value to rancidity. The effect of heating on peroxide values is shown in Fig. 5 .
Fig. 5 Effect of heating on peroxide values of oil samples
The Peroxide value of an oil or fat is used as a measurement of the extent to which oxidation reactions have occurred during processing and storage. Other methods are available but peroxide value is the most widely used. The best test for autoxidation (oxidative rancidity) is determination of the peroxide value, as peroxides are intermediates in the autoxidation reaction. Autoxidation is a reaction involving oxygen that leads to deterioration of fats and oils which form off-flavours and off-odours. Peroxide value, which is the concentration of peroxide in an oil or fat, is useful for assessing the extent to which spoilage has occurred [25] .
Peroxide values of fresh oils are less than 10 milliequivalents /kg, when the peroxide value is between 30 and 40 milliequivalents/kg, a rancid taste is noticeable. High peroxide values are a definite indication of a rancid fat, but moderate values may be the result of depletion of peroxides after reaching high concentrations [26] , [27] . Fig. 6 represent the effect of heating time on thiobarbituric acid (TBA) value, it shows higher increase with olive-pomace oil after 15 hours heating than other oils while corn (I) oil showed high increase after 10 hours and then decreased after 20 hours of heating, also, corn oil (II) showed increase after 20 hours and decrease after 30 hours of heating. It seems that the increase and decrease of TBA value as a function of time of heating depend on the amount of malondialdehyde produced.
The most prominent and currently used assay as an index for lipid peroxidation products is the thiobarbituric acid assay. It is based on the reactivity of an end product of lipid peroxidation, malondialdehyde with TBA to produce a red adduct [28] . Table 2 shows the effect of storage time on some properties of virgin olive oil samples. As a result of oxidation of the oil sample during storage, the index of refraction, acid number, total acidity and the peroxide values were increased with storage period, it was at the maximum after 6 months of storage while the iodine value decreased during the storage time which could be due to the decreasing the number of unsaturated fatty acids during the oxidation of the oil sample. Similar results were obtained [29] when different types of oils were stored under different conditions such as temperature and light. Presence or addition of antioxidants such as tocopherols could protect oils or reduce the oil oxidation [30] - [34] . 
IV. CONCLUSION
In this research work we examined the effect of heating and storage on different oil samples that commonly used in cooking and frying. The results deduced from this research confirmed that cooking at high temperatures and six months storage will alter the properties of the oils, if not damaged them. This reflects a change in the chemical structures of the oils. Also one concluded that the concentration of some of the basic elements that constitute the oil such as oxygen and carbon has been noticeably changed. The recommendation drawn from this study is that; frying oils must not be used more than one time, since their properties will be changed. Repetition of re-heating oils to their boiling temperatures will damage them. The chemical structures will be distorted implying a possibility of changing the oils into harmful substances.
